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ABSTRACT:Freezing air temperatures durinR the periods 25-26 December 1983 and 20-23
January 1985 resulted in hypofhermal stress and mortality of several aquatic poiklh_therms in the
upper Indian River lagoon system, Brevard County. Florida. Twenty-three species offish repre-
senting 15 Jamilies were found stressed or dead in the 19,q,?Jreeze and nine species representing 8
families were observed in the 1985 .freeze. One ]umdred and .fifty-two sea turtles were rescued
Jrom lagoonal waters in January 1985 oJ which 145 were Chelonhl mvdas (green turtle), and 7
were adult Caretta car('|la (Atlantic loggerhead). Numerous imli_enous plant species oJ tropieal
and subtropical origin were extensir.elt.i dama_r'd. These inclmh'd .,\vicemfia _erminans. l,agmwu-
laria racemosa, and l/hizoph_.'a mangle. Exotic plant species sm'h as Schinlts lert'lfinflfifolius.

Casuarina equisetifolia, and Mefaleuca q,finquenervia were also damat_ed.

CONSECUTIVE yearly freezes severe en<mgh to induce hyp<>ihermal stress

and mortality among aquatic p<>ikilotherms and to simulianeotlsh' cause suh-

stantial damage to numerous native and exotic plant species are unprece-

dented for the central east coast of peninsular Florida. On 25 December 1983,

just past midnight, a massive cold front moved across the Merriit lslan(1 region

of central coastal Brevar(l Count,,: Early morning air teml)eratures on 26 l)e-

cember reached a low of --5.5°C. Nearly 13 months later, hetween 20-23

January 1985, another intense freeze (trol)pe(I air temperatures to a low of

--6.6°C. This paper addresses the impacts of these two freeze events on

aquatic poikilotherms and plant species of Merritt lslan<l, Fh_ri<ta.

Historically, most documentation of the effects of freezing and subfreezing

temperatures on the biota of coastal peninsular Florida have concentrated on

describing those effects on the aquatic fauna inhabiting [he waters of the Gulf

coast and the Florida Keys (Packard, 1871 ; Willeox, 1887; Finch, 1917; Sto-

rey and Gudger, 1936; Miller, 1940; Galloway, 1941 : llinckev and Saloman,

1964). The effects of freezing air temperatures on the aquatic fauna in Brevard

County have been addressed (Bangs, 1895; Snelson and Bradley, 1978;

Ehrhart, 1979). Finch (1917) stated that hoth coasts of Florida were affected

by the cold wave of 2-4 Fehruary 1917, but mentioned general localities only

for the west coast. Snelson and Bradley (1978), via personal communications

with Brevard County residents, indicated that some fish were apparently af-

fected by the cold winter of 1957-58 and that a substantial number were

adversely affected in the 1962 cold wave as were sea turtles (pets. comm. Dr.

L.M. Ehrhart, University of Central Flori<la).
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Climate is known to control the dislrilmtion (,f organisms through average

conditions or through periodic extremes such as freezes (Waiter, 1979) and is

probably most evident in transition zones between two different clhnatic re-

gions. Briggs (1974) identified the fauna of the Indian Pliver lagoon system,

adjacent to Merritt Island, as characteristic of a transition zone between a

subtemperate and a subtropical zone. Gilmore and co-workers (1978)identi-

fied stenothermic tropical Caribbean fishes as being s,vmpalrie with eurvlher-

mic temperate Carolinian species in stone of Florida's estuaries including

Tampa Bay, Sanibel Island and the Indian River lagoon. 81enolhermic lropical

and subtropical fishes were identified as the heaviest impactcd species during

the January 1977 freeze (Gilmore et al., 1978). Storey (1937) reviewed the

ranges of fish that were adversely affected I)y freezing temperatures and identi-

fied species of tropical origin as "always hurt" in the proximity of Sanibel

Island. Ehrhart (I 979 and pers. comm.) identified the tropical green turtle as

always impacted by hard freezes and prohmged periods of low air tempera-
tures as documenled for 1962, 1977, 1978, 1981, and 1985. Rinekey and

Saloman (1964) suggested thai the quick drop in water lemperature in "lhmpa

Bay had the greatest impact on tropical and subtropical fish species.

Greller (t 980) mapped Merrill lshmd as a transition zone between a "Ibm-

perate Broad-leaved Evergreen Forest and a "I¥opical Forest. Previous botani-

cal studies of Merrill Island (Sweel, 1976: Popph, ton et al., 1977: Sweet et al.,

1979; Stout, 1980) have indicated the presence of species of tropical and sub-

tropical distributiou. The transitional characteristics of the terrestrial vegeta-

tion are illustrated l)v lhe dislrilmtion of tree species. Species reaching lheir
northern limits of distribution on the coast between Merrilt Ishmd and St.

Augustine include Aeicennia _erminans (black mangrove), Lagtmcularia

racemosa (white mangrove), Myrcianlhes fragans (nakedwood) and Rhi-

zophora mangle (red mangrove) (IAttle, 1978). Certain introduced species in-

cluding Casuarina eqnisetifolia (Australian pine), Sebinus terebinlbi[olius

(Brazilian pepper) and Melaleuca quinquenervia (melateuca) originate from

tropical and subtropical areas and are cold sensitive.
Few papers have discussed effects of freezing temperatures on flora while

describing faunal responses for any given locality in coastal peninsular Flor-

ida. Storey and Gudger (1936) briefly described firsthand accounts of the de-

struction of vegetation, principally mangroves, on Sanibel Island with the as-
sistance of reliable, long time residents. Miller (1940) briefly noted that

obvious damage was done to native trees and introduced tropical plants from
Miami to Key West. His discussion included key mahogany, royal palm, guava

and red mangrove. Gihnore and co-workers (t 978) mentioned the devastating

effects of the freeze on red mangrove in the vicinity of Fort Pierce. Snelson and

Bradley (1978) indicated that numerous subtropical components of the biota

were affected but provided specific information only on fish. Stowers and

LeVasseur (1983) noted damage to citrus, vegetable crops and mangroves but
not fauna in west-central Florida from the January 1981 freeze. Caprio and

Taylor (1984) noted freeze damage to certain forbs and graminoids in the

Everglades from the January 1981 freeze but not to other components of the
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biota. The 1894-95 freeze caused extensive mortality io mangroves thr<mghout

the Indian [liver area (Bangs, 1895; Davis, 1940).

]_ATEBIAI.SAND ]_FIIODS--This "¢_'orkwas ('oH(IrlCIi,(l|(_do('111n¢'lll,i11parl,nalm'al chalt_i,shl

Merritt Island ecosystems as part of the long term envh'(mmenlal monitoring and research pro-

gram at the John F. Kennedy Space Center (KS(:) (NASA, 1982). A r'ec(mnaissance sur_ev on 27
December 1983 revealed lhat a moderate fish-kill (_(.curred (<allowing the passage (_f an inlense

cold front. Surveys were made ahmg the northern slmrelines of NASA Cmlsewav an¢l l lighway

528, both of which span the Banana lliver (Fig. I). In addition, observations were made at Banana

Creek and Kennedy Parkway, the Vehicle Assembly lhliMing (VAB) "lhrning Basin, and a Imat

ramp located 2.8 km east of tile VAB "lhrning Basin. All three sites have been dredg, ed 13-9 m) and

are havens and sometimes "death traps" ('lhbl), 1966; Moore, 1976; (;ilmore et al., 1978; Snelson

and Bradle),, 1978) for fish seeking refuge from almormallv cold water temperatures.

Representative specimens of each species impach'd were collected, if possil)h', and were idenli-

fled, measured and weighed. Water temperature was measm'ed using, a "_i,llmv Springs Insh'unlent

(YSI) Model 33.

Surveys for the January 1985 freeze were conducted at 1he same IocMi¢ms as idenlified tor

1983 with additional observations made along NASA Causeway and the Indian lliver, nnnlerc_tlS

deep drainage ditches, mosquito control impoundments and c,pen water areas nf Hu' Itpl)er Banana

River. Search and rescue missions for slressed lagoonal sea turlles were <'(>ndnch'd by personnel ¢d
the United States Fish and Wihllife Service (I.JSVWS) at the Merrill Island National \Vihllih, Ih,f-

uge.
Water tetnlx'rature, salinit;', and conductivity were measured using. YSI MCMels 33 and 511].

Continuous (0.5 h interval) measurements of water temperatures were nmde at two locations using

Hydrolab 2020 series data sondes. One site was an impomtde<l lagoon, typically less than 0.5 m in

depth. The second site was a small, somewhat protected lagoon located at tile n<>rthern terminus of

the Banana River. Both instruments were immersed approximately 15 em beneath tile water's

surface. Water temperature data were reduced to depict a profile beginning on 20 January at

midnight and continuing throug, h 2-t January 1985. Meleoroh>gieal data were collected at a Per-

manent Air Monitoring Station (PAMS) Iocaled on KS(: (Fig. 1).

Effects of the two freezes <>n terrestrial _egetation were evaluated during fM(Iwork for on-

going long term vegetati<m studies. No attempl was made to quantify vegetation danmge Ir'()m
these events: however, various communities including <hines. strand, hammocks, scrub, cattail

ntarshes, sand cordgrass inarshps and nl[nl_,rove sveanlps v,,ere exanlille(] _lflPr ('aeh fr0eze evenl.

RESOLTs--Meteorologica! and Ihjdrographic Data: 'd'arly climatological data for KS(; and

Cape Canaveral have been collected since 1957. A monlhlv summary _)1 data t'(w December,
January, and February is presented in "lhble 1 (Eastern Space and Missih, i.;enter, 1982).

A comparative statisti<'aI summary of ambient air h'mperattwes for I)ecember 1983 and Jmm-

ary 1985 respectively, are as follows: extreme maximum 32.2 and 26.6°C, mean maximmn 23.7
and 19.1°C, overall mean 16.3 and 12.2°C, mean mininmm 11.6 and 6.1°C and extreme mini-

mum --5.5°C and --6.6°(;. Daily air temperatures for l)ecember 1983 and Deeeml>er 1984
through January 1985 are presented (Fig. 2, 3. and 41.

TABLE I. Historical air temperature data h_r John E Kennedy Space C,enter and Cape
Canaveral Air Force Station 1957-1982."

"Ibmperatures, °C

Extreme Mean Overall Mean F,xlreme

Month Maxinmm Maxinmm Mean Minimmn Minimum

Dee. • 29.4 21.1 16.7 11.7 --3.9

Jan. 28.9 2(I.7 15.6 11.1 7.2

Felt. 30.6 20,6 15.6 10.6 --3,9

aSource: Eastern Space and Missih' Center. 1982.
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Space Center (KS(:). l:h_Tid_l h. .l;Hluar_, I !185.

Water teml)erahu-cs wcr(, r('c(_rdcd at lhr(,c gcn('ral hwalions on 27 l')cc('mhcr 1983. Thcs('
were the NASA Causeway l?,ridg(,and the B_ulana l_iv(,r, (9.0°C surlac(, and IO.O°C _it ,5 m), th("
VAB "!qtrnin_Basin, (] 3.O°C snrla<'(, and 14.5°C al .I m) and l_.lana Cr('('k and Kennc'cly P_irkway,
(8.0-8.5°C slurfa('(,). Stvrlace t('mlwrahH'cs r('c<.'dcd <)n29 l)(,('(,mlwr at ll.'se savuc lhrce l()(:Mions
v,'cre 13.0°C, I T.O°C and I S.[)°C. rc:¢l)('('ti',cly. S.rlace v,'atcr h'ml_('rah_res in th(' V.,\I_,"linrning
P.asin al)proxinmh'ly one v,'eck prior Io th(' l'r('('zc nwasi_rcd 21").O°(:.

On 20 January 198`5.',','_derh'nqwraturcs at the NASA CaIls(",v;u,"bridge :_I_cllhe Banana l:_ivc,r
measured IS.O°(" at the s.rhwe as well as at 5 m. S_diuih' ineaSlll-(,(l IlLS l)pl. Surla('e wat('r
t('nq)erahnres on 22 Jan_naly 19S`5 M_,_g lhc norlh and s<,_th si(l_'s of NASA Caus(,v,'av and Banal_a
River measured 4.0°C and 2.S°C. reslwcli',cly. \\'_der depths at lhese l',vo sih's ','.ere O.S In and
salinitics n_f'asttre(I 1T.0 I)pl. AI the NASA (:;Hnse',,.'av bridK_'. ',v:dcr h'ml_('rahlr('x ,,yore S.0°C
surface and 9.0°C, at S in. Wah,r/eml_eral.r(, rec<_rdcd rot Ihc India, I(i,.er along I1.' n<)rlh side of
NASA Caus(,,,vav was ,I..5°(: and salinih' nwax.r,'d 22 pl)l..'\t I_,an:_mCr('ek s.rla<'e and l)(_lh.u (2
ill) teml)erahlres ',,.ere 8.O _i_(I T.5°C. rcspecli', ely.

hnpoundcd ",vah,r norlh ol l.aunch CovulflCx 39B r('at'hcd a low <_I 2.8°C _t I000 h on 22
J_tnuaty (FiK. `5).\Valer leml_eralure at this s_tne h_calionIv,'() (hvs earlier was I S.O°( ". The cfl'c<'ts
or rapid cooling ",verc nol ncarlv as (Iraln_dic al lh(' (T.'n l:wgo<.ml shdi_._ ",','herea nHnimHm
leml)erattlre of 8.0°C ',v_srca('h('il on 23 .lan.ary. "l'hrc(!days earlier readings w(,rc n('ar 14.5°(:.

F_su_s: A total of 23 sp('ci('s ()f fishes rcl)r(,s(.nting 15 f':unilies w<,rc <)hs('rved nn(ll<)r ('(fllcch'd
during fi(,ld surveys l'oll(_wing lh('sc hvo l'rc(,z(,s. All hay(. bc('n pr('vi(._sly documcnh'd fr(.u lhis
region (Sn(,Ison, 1983). [,ish,d b,,h_w are thos(,species affe('ted lw lhc l)cccmlwr l.qS3 m_dJanuary
198,5 freezes. Notes on locati(._, lhc freeze in which lhcv were" <fl)s_'rv_,dand lenglh-weighls are

presented.

DASYATIDAE

Dasyatis ._ayi(hhmtn()se slin_ ray). What _q)pean'd h) I)(' ('ilhcr a k_r_(".ju\('nilc or ad.ll Sl)(,c'i-
men was ol)served n_olionh.sx in appr<_xin_ah,l_ six ('entim¢,ters<)I,.vah,r ad.jacent to lhe n_.-thwcst
shore of tlighway 528 Ca.s(,wav and lh(, I_;anana River. This Sl)(,<'inwn was not ('(flh'('h'd and
therefore an accurah, account (>f its con(lilion could not bc deh,rmined. "l_'l_icall:,'. lar_(' .juveniles
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and adults are found in water deeper than 2.0 m (Snt'lson and Williams, 1981) att(I the ,,ccurrt'm'+'
of one in water just a few centimeters deep was unusual. Observed in th¢" 1983 freeze, Ibis spt,ci-
men was the only cartilagenous species encountered during either freeze evezd.

ELOPIDAE

Elops saurus (ladyfish). One specimen (25.7 em SL; 184 g) was collected ahmg lhc norlh short'
of NASA Causeway and tile Banana River in December 1983. Several dead iiMividuals of the same
approximate size were observed in the general vicinity. Snelson and Bradh'y (1978) described Ibis
species as possessing tropical and sul)hopical affinities and recorded a few dt'ad, rang, ing between
18-41 cm SL, in the January 1977 cold spell.

ALBULIDAE

Albula vulpes (bonefish). This species is of lrol)ical-subtropical dishibution and is ran, in lhe

upper Indian River lagoon system. One sl)eeimen (12.6 em SL: 31 g,) was colh,ch,d in llw 15)83
freeze along tile northwest shore of NASA Causeway and the Banana River. This rt'presetds onh.
the third specimen documented from this area. This particular fish was observed (I{,ad on top of a
floating mat of seagrass.

CLUPEIDAE

Brevoortia spp. (menhaden). One adult indivkhtal was observed along NASA Causev, av and
the Banana River in the 1983 freeze bul was not retrievable.

ARIIDAE

AriusJells (sea catfish). In 1983, th(,usands of dead juv('mles wer(, ol)serv('(I I'loaling in l:_allana
Creek near Kennedy Parkway. No specimens were collected but the size ('lass appcare(I (!xtremely

homogeneous (approximately 15 em TL). Dead adults were observed ahmg the n(,rlhwesl shore (,f
Highway 528 Causeway and the Banana River in the proximity (if lit(, Canaveral Barge ('anal
several (lays following tile freeze. Al)proxinmtelv 95% or more ol the (,stitnah,(I 200,000 fish thai
floated to the surface were sea catfish (pers. comm. Mike Willard, Brevar(I C()tmtv Bi(4ogisl). In
1985, both moribund an(I dead specimens were collected at Banana (_re(,k as well as tit(' north
shoreline of NASA Causeway an(I the Indian River. 8l)ecimens colh'('ted Iron1 th(' Indian River
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measured between 26.7-32.5 em TI, and w('iglwd from 113-276 g. htdivi(hmls collected fr()m

Banana Creek revealed a mixture of size (,lass(,s measurin_ I)etwe(,u 10.5-34.0 cm TI, _m<l weigh-

ing I)etween I 1-341 g. This species was observed in fewer mmd)ers in the 1,077 freeze (Sn('ls_)n and

Bradle),, 1978).

Bagre marinus (gafltopsail catfish), f)ne specimen (I 7.2 cm SL: 8,l g) was c(dlech,d ahmg

NASA Causeway and the Banana River in 1983 and another (20.5 cm TI: 62 g) along NASA

Causeway and the Indian River in 1985. Contras_ingly, Snelsou aud l:ha(llev (I 978) id('ntified (Ills

species as the second tnosl al)un(lant fish killed in the VAB "lhrldug Basin with the predomimmt
size class measuring belween 20-25 cm Sl,.

BELONIDAE

Stros_gylura spp. (needlefish). ()ue (l(,ad specimen was olrserv('d in Banana ('reek in 1983. It

appeared to be about 25 em TL. Snelson and Bradley 11978) described Strongyhtra notata as

moderately impacted bv the 1977 freeze.

CENTROPOMIDAE

Centropomus undecimalis (snook). Observed only in Deceml)er 1983, this tropical-subtrc_l)ical

species was modestly impacted. One dead individual was observed along tire northern shoreline of
Highway 528 Causeway near the Canaveral Barge Canal. Approximately 20 specimelrs, measur-

ing 76 cm TL or greater (pers. eonam. Mike Willard, Brevard County Biologist), were ol)served

dead in the Canaveral Barge Canal several days following the freeze.

CARANCIDAE

Caranx spp. (jack). A single specimen, estimated at 30 cm TL, was observed dead in Banana

Creek at Kennedy Parkway in Deeeml)er 1983. In Jammry 1985, dead specimens of Caranx hipl_OS

(jack crevalle) were commonly found, but only at Banana Creek. h_(livirhmls ranged from 30.3-

41.3 cm "FL arr(t weighe(I between 337-675 g.

Chloroscombrus chrysurus (Atlantic bumper). One dead specimen (17 cm SI,: 91 g) was col-

lected in 1983 on the northern shore of NASA Causeway and the Banana River.
Trachinotus ]alcatus (l)ermit). Moribund or dead specimens ,,,,,ere common along tire NASA

Causeway anti tire Banana River in 1983. Moribun(l individuals exhibite(I a severe loss of erluilib-

rium. Sixteen specimens ,,','ere e()lleeted. Body lengths ranged fr()m 20.4-37.5 cm SI, and weights

ranged between 319-1844 g. Snelson and Bradley (1978) found dead permit tn be very alnmdant in

the VAB Turning Basin.

GI_REIDAE

Eucinostomus harengnlus (spotfin mojarra). Eleven specimens (7.2-11.8 em SI,, 17-50 g) were

collected in 1983 along tire northeast shore of NASA Causeway and the Banana River in extremely

shallow water. Some individuals were observed floating on seagrass mats while others were actu-

ally entangled within the mats.
Eucinostomus gula (silver jenny). One dead specimen (9.2 cm SL; 328 g) was collected in 1983

at the northeast shore of NASA Causeway and tire Banana River.

Diapterus olisthostornus (Irish pompano). Seventeen dead specimens 14.6-10.7 cm SL; 5-47 g)
were collected ahrng the north shore of NASA Causeway anti tire Banana River in 1983. These

individuals were associated with mats of uprooted and broken seagrass.

Diapterus plumieri (striped mojarra). Several dead adult individuals were observed in very

shallow water along tire northwest shoreline of ttighway 528 ('auseway anti the Banana River in

1983. Specimens were not collected; however, they appeared to be approximately 20 em TL. A
single specimen, measuring 30.5 em TL and weighing 439 g, was colleete(I from Banana Creek in

January 1985.

SCIAENIDAE

Cynoscion nebulosus (spotted seatrout). One dead specimen'(approximately 30 cm TL) was

seen along the north shore of ttighway 528 ('auseway and the Banana River in 1983. In 1985, a
dead individual (30.5 cm TL; 243 g) was collected aloug NASA Causeway and the Indian River.

Bairdiella chrysoura (silver perch). This species was observed in 1"983 along l lighway 528

Causeway and the Banana River. All specimens were dead and estimated to I)e about 10 cm TL.

EPHIPPIDAE

Chaetodipterus faber (spadefish). This species was observed in tire Banana River during both

freezes. Individuals were observed both dead or with impaired swimming. In 1983, irr(lividuals

ranged from 11.1-26.8 cm SL and weighed from 93-1012 g. Those c¢)llected in 1985 range(t from

15.6-38.2 cm TL and weighed from 112-1275 g.
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MUGILIDAE

Mugil cephalus (striped mulh't). A single dead spt'cimen was el)served ah)ng the north shore of

tlighway 528 Cal_lsevv'av and the Banalla I/iver in 1983. This sl)ecinlen was not colh,(.tc(I liul was

associated with nlnllero'ns olher species affected I)v the freeze.

BALISTIDAE

Aluterus schoepJi (orailge filefish). One ch, ad hi(livi(hlal was c()lh,c'h'd in 1983 allivig NAN:\

(]auseway and the Banana River ai)l)roxinmtely Olle kih)meler easl of lhe bridge. This _p('('illl('ll

lrieasure(136, l cm SL and weighed 8Bq g.

Monacanthus hispidus (i)lanehoad filefish), This species was ('onunolllv of)served aloilg Ihe

north shore (:if NASA (]atisoway anti lhe Banaiia l/iver ill Ihc ]9_13 Ireezc. All hiili_ i(hial_ elii'CiUli-

tered were dead, Five sl)ecflllens were c()lh'clcd Ihal rallg, C(I frllln 16.7-7-I.,_ ('lit _l, _ili(I wci_li(,(I

I)el:ween 140-$47 g. In 1.(-)8,5, a shlgle spe(!imen (71.5 ('in TI,; ;in(I 159 gl was c(dlecic(I (h,a(I ill Ihe
same location as those in the 1983 freeze.

"I%ETRAODONTIDAE

Sphoeroides nephelus (SOtllhcrn l)uffcr). Specinlcns c()llcclc(l ili 1983 rml_'(I Ii(llli l [_.8-17.7

('ill $I_, and weighed I)el:vceen 162-217 g. hi I.()_._, ludi_ i(hlals ('olh'cled lneasuie(I I)(,Iween 20-27

cm TL and weighed IJel:ween 140-370 14. This species was ol)ser_ c(I frequ('nl I)' along N,,\S:\ (;_lllS(,-

way and the B{lnana [liver. |n(livi(hlals were eneoinllere(I l:ilorfiinlid or dead (llll'hl_ I:i(llh h'eezes.

DIODONTIDAE

Chilolnljcterils 8choep]l (slripe(I I:iurrfish). In 1983, five in(li_i(hials colh,cicd along NASA

Catlsewav ;.in(I the Banana River ranged from It)-18.{) ('111 SL and weighc(I h('lwe(,ll 239-321:i g. In

1985, in(livi(hials measnre(I fronl 15.(_-7(].,_ cm TI, anti weighed I)elween I 12-487 g.

SEA TURTLES: Stunned sea turtles were observe(I on 22 January 1985. A liital el 1,15 Chelmlia

mydas (green l:url:le) were colleete(I by nlelnl)ers ill lhe U,St=\VS. t:ourteen were "dead Oil ariivtll."

Eleven of the 145, deseribed as larg( 7 juveniles, were release(I [nl:o a nearl:i)' po'`ver i)lanl: lhcrln;ll

discharge. One hnndred anti l:wenlv small juveniles were lransporle(I 1o 8e;i \Vorhl, hie. hi ()r-

lando, Ph)rida where they were lllallliaincd unlil lagoon(It ,_val:er lenlpcrahlres were al:iovc lelhal

linlil:s. Seven adult Caretta caretta (Jl:lalltie loggerhead) ".,,,ere also rescilcd anti release(l ill lhc

power plant discharge (pers. e()nlnl. Dr. I,.M. Ehrharl:, Universil:v ()t' (]enlial Flori(hl).

VEG_rATION: Vegetation danlage from the 2,5-2('i l)eceml:ier 1983 freeze %vits extensive. :\hui_

roadsides, (likes and groves, Brazilian I)epper and Ausl:ralian I)ine were (llilllll!_('(I; (,xl(,llSi\'(, d(,f(i-

Iialion oecnrred and small lo large branches oil lllanv trees were kilh,(I, klallV in(li_iduals re-

sprouted iii spring and i(llnnler froth the larger I)ranehcs or IrulikS. klelaleu('a %vas sintilarh"

damaged. These speeies suffered comparal)le damage (hiring tile January 1985 heezc.

Black, white aud red nlallgroves fringing l:ile Banana River, iiJanana ('reek, hl(iiaii I/i_ er and

Mosquito 1-,agoon were adversely affecie(I liv lhe I.(1:83 freeze. Leaves alld snlall lo lal_C [)ran(,hcs

were killed. Sonle individuals resproutcd wllile others were eiilh'eiy (h, shovcd I)v lhe freeze. I)anl-

age from the 1985 freeze was sinlilar, Mueh (:if lhe regrowlh which folh)wed the 1983 h-eeze %vas

killed as were some I)ranches previously nnaffeeled. In sonic phi((s, [)ranches ilcar l]le wal:er

s(u'vived while those higher on lhe i)]ant were killed indicating lnieroclilnalcic an]elioral:ion of lhc

freezing temperatures near the water.

In the coastal dune and coastal strand vegetation, Coccoloba ut_iJera isea gral:iC), Chrysobala-

nus icaco (coco-plum), Scaet_ola phimieri (beachberry), ltljmenocallis lat(folia (spider Ill>), llapa-

1lea punctata (ral)anea) and Ipomoea pes-caprae (railroad vine) were affecled Iw the 1983 fr('eze.

Sea grape, beachberry and coeo-phull were generally kilh'(I back to lhe large Si('l:i:iS or IO grl)ilniI

level. Leaves of tim spider lily and railroad vine were frozen, ltal)anea suffered less severe I)ul still

obvions leaf damage. All species resproul:ed after the freeze. Carissa grondifloro (natal phlnl), an

introduced African species present in some disturl:ie(I areas of coastal sl:rand, was (lamagc(I. l);inl-

age from the 1985 freeze effecl:ed these sanle species ill (Imle and strand eonlnlllniiics. In a(htilion,

lleliallthus debil£_; (beaeh sunflower) and ttetero#heea sul_axillaris (caml)horweedl sulfered some

leaf damage from this freeze.

Hammock species affected by lhe 1983 freeze includecl Neetandra coriaeea (lancewood), rapa-

ima, Ardisia escallonioides (marlberry) and Psychotria ,ert2osa and P. sul=neri (wihl coffee). 'l_'pi-

eally, leaves and small stems of the sensilive species were kilh'd I)nt thev hller resl_route(I froln the

larger stems or frnm gromid level. Nephrolepis cord(]ella (Bosl:on fcrli), conlnlon in lhe nn(Icrsl:orv

of hammocks, was partially (lefolial:ed I)v lhe freeze but resproul:e(I fronl the rhizonles, t{egrowlh

of lhese species was killed back I)v lhe 1{)85 frceze_ hovcevcr, new regrowlh has occurre(I.
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Other species affected by lhe 1983 and 1985 Ireezes included Acro._tieh,m danaci[olium

(leather fern), common in brackish marshes (m Merrill Island. l,eaves ¢_f lifts fern were killed but it

resprouted from the rhizomes. The 1985 freeze ea_lsed ex!ensive die back of 7_pha domingellsis

and T. latifolia (cattail) which occupy numerous marshes on Merrill Island as well as drainage

canals. The cattails have since resprouh,d from their rhiz_mles. Sm'h danm_e was nol noted afh'r
the 1983 freeze.

Damage to a number of herlmceous spe¢'ies was ,rated afh,r Ihe 1!)85 freeze: these i_wl,uh'd

Biders alba {beggar's tick), lt!tdroeotyle sp. (pennywort), Phfflolar:ca ameriea.a (pokeweed), Ri-

vina humilis (rouge plant) and Vi_tla luteola (cowpea). The introduced grass, Al"tmdo dollax (giant

reed), was killed back by the freeze but has since resprouled. During mild winlers these species
continue growing. F'reeze-damaged leaves were (_bserved ¢m the shrubs h:a fruleseetls (marsh

elder), Lantana camara (shrub hmtana) and Mentzeliafloridana (poorman's patch).

Citrus groves on Merritt Island were also affected by the 1983 freeze. Those north of 1 laulover

Canal appeared to be more damaged than those in the central or southern part of the ishmd. The

1985 freeze produced a similar pattern of damage: greater defoliation of citrus was evident in the

northern part of Merritt Ishmd.

DiscussioN--The ecological effects of the I)ecemher 1983 and January

1985 freeze indicate the importance of such events in regulaling species and

community distributions associated with both aquatic and lerrestrial systems.

Hard freezes do not occur ever,,, year on Merritt Island. As a result, cold sensi-

tive species generally have a period of recovery between freeze events, rib our

knowledge, two consecutive hard freezes like those observed the past two win-

ters are unprecedented for east coastal peninsular Florida. Snelson and Brad-

ley (1978), upon reviewing historical data from peninsular Florida, indicated
that intervals between winters harsh enough to cause substantial mortality

among fish populations ranged from 3 to 18 years and averaged 10 years

between episodes. However, the upper Indian River lagoon has experienced

three major freeze events (January 1977, December 1983, and January 1985)

in the past eight years.
The 1983 freeze broke a 27-year record of --3.9°C with a low of --5.5°C

on 26 December. The January 1985 freeze produced a low of --6.6°C. The

1983 event appeared to have been more acute in rapidity of temperature de-

cline. Temperatures declined from a daytime high of 20.0°C on 24 December
at 1400 h to 0.0°C on the 25th at 0300 h. Storey and Cudger (1936) indicated

that in the 1928 freeze, overnight temperatures dropped from 21.0°C to 0.0°C

resulting in an extensive amount of damage. The severity of impact of a single

cold spell on estuarine organisms or on terrestrial flora may vary with one or a
combination of several factors including the minimum temperature obtained,

the duration of this temperature and the rapidity of the temperature drop

(Snelson and Bradley, 1978). The two successive freezes differed in some of
these factors. Given this, it is difficult to determine .which freeze was more

severe.

Open lagoonal water temperatures were several degrees higher in 1983

than observed in 1977. Snelson and Bradley (1978) suggested that most open

lagoonal organisms were subjected to water temperatures of 4-6°C for at least

48 h. The lowest lagoonal water temperature observed for December 1983 was
9.0°C and we believed that this was maintained for no longer than 36 h. Based

on the recorded water temperature data as well as specific point readings
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along the causeways, we feel that water temperature was maintained between
5-10°C for at least 48 h in 1985.

The "refuge death trap" (Tabb, 1966; Moore, 1976: Cihnore et al., 1978;

Snelson and Bradley, 1978) was only evi(teut in 1983 at the Canaveral Barge

Canal and at Banana Creek and Kennedy Parkway. Apparently, lhousalMs of

young sea catfish became trapped in a dredged section near the bridge span-

ning Banana Creek. Evidence of the phenonwnon at the Canaveral Barge

Canal was not obvious until a few davs after the freeze when water tempera-

tures began to rise and dead fish appeared at the surface.

Of the 23 speeies of fish affected bv the two freezes, all but five (Dasyatis

sayi, Albula wdpes, Chloroscombrus chrysurus, Chaetodiplerus Jaber and

Aluterus schoepfi) were recorded in the 1977 freeze. Nine speeies, Arius fells,

Chilomycterus schoepfi, Caranx hippos, Sphoeroides nephelus, Chaetodip-

terus Jaber, Monacanthus hispidus, Bagre marinus, Cynoscion nebulosus and

Diapterus plumieri, were encountered during I)oth freezes. Storev( 1937) i(leu-

tilted the first two of these nine species as "'always hurt." We found AriusJelis,

Chilomycterus schoepfi an(I Sphoeroides nephelus to have Ihe greatest num-

ber of individuals affected during each freeze.

Our observations concur with previous authors in describing fish affeete(I

by hypothermia. Species such as Trachinotusfalcatus and Monacanthus hispi-

dus were commonly seen at the surface swimming on their sides while Chilo-

mycterus schoepfi an(I Sphoeroides nephehts were typically iu an upright posi-

tion floating near the surface with relatively little fin movement. Other species

maintained an upright position while swinnning but appeared very lethargic.

We believe that many of these individuals could have survived had they not

washed up on the northern shoreline of the causeways or became stran(led in

extremely shallow water. Some species such as Eucinostomus gula, E.

harengulus and Diapterus olisthostomos became entangled ()r washed up onto

floating mats of seagrass while in this eon(litiun and apparently suffocated as a

result. Predation by birds was also observed to produce high mortality of
stressed and stranded individuals.

The occurrence of stunned sea turtles in the lu(lian River lagoon system is

not uncommon during extreme cold periods. In fact, cold-water stunning of

lagoonal sea turtles may occur, to some degree, every winter (Ehrhart, 1979).

Previous cold stunnings of sea turtles in the upper Indian River lagoon oc-

curred in 1962, January 1977, January 1978, and January 1981 (Suelson and

Bradley, 1978; Ehrhart 1979 and pets. comm.). In 1977, a massive rescue

operation, orchestrated by Dr. L.M. Ehrhart of the University of Central Flor-

ida, resulted in the collection of 100 greens, 1 Lepidochelys kempi (Kemp's

ridley) and 41 loggerheads. Water temperatures dropped from 11.5°C on 13

January 1977 to 4°C on 20 January. Between 15 and 21 January 1978, S

greens were rescued as was 1 loggerhead. Water temperatures ranged between

8-10°C (Ehrhart, 1979). On 13 January 1981 water temperatures surveyed at

Haulover Canal measured 3.5°C. By 20 January, a total of 163 turtles had

been collected. Of the 88 greens captured, 76 survived. Seventy of the 74

loggerheads collected survived as did 1 Kemp's ridley (pets. comm. Bill
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Leenhouts, USFWS and l)r. L.M. Ehrhart, University of Central tVlorida), l)ata

strongly indicate that the tropical green turtle is more cold sensitive than lhe

loggerhead (Ehrhart, 1979). Though the December 1983 freeze may I)e re-

garded as a hard freeze, its iml)aet on lagoonal lurlles was uol apparent. \V(,
believe that this was due to two main reasons: 1) the freeze was not preceded

by enough cold weather (Fig. 2) as observed in January 1985 {Fig. 4} and 2}
that the freeze was immediately followed It,,' a significant warming trend (trig.

2). As a result, lagoonal sea turtles were not approaching a state of h vpother-

mia when the freeze occurred in 1983 as they prol)al)ly were in 1985.

The effects of periodic freezes on Merritt Island is clearly evident when

viewing particular plant species such as red and blaek mangrove. These spe-

cies reach large tree status in certain areas in southern Florida (Davis, 1940,
Tomlinson, 1980) but are shrubs in the northern limits of their ranges due to

periodic freezes.

The extent of dalnage to mangrove vegetation produced by the 1983 freeze

suggested that several years would be required for the inangroves to return to

their pre-freeze stature and distribution. The 1985 freeze killed nmeh of the

1984 regrowth, increasing the time require(I for recovery to pre-1983 condi-

tions. Mortality to mangroves on Merritt Island due to hard freezes is not

unprecedented. Davis (1940) indicated that extensive mortality to mangroves
on the island occurred from the 1894-95 freeze when air tenlperatures reached

--5°C. Mangroves oeeul)y al)prnxinmt('ly 1530 ha (3780 ae) on KSC and are

important in providing rookery sites for wading I)irds as well as good habitat
for numerous fish speeies. The two sueeessive freezes have substantially,

though probably temporarily, affected these eomlnunities, reducing enver and

biomass production until recovery occurs.

Most plant species adversely affeet('(I I)y the freeze have resl)route(t from

undamaged parts such as large stems, roots and rhizomes. Even where some
individuals were killed others in the population survived. Stout (I 980) noted

that the 1976-77 freeze damaged Ardisia an(I Psychotria in hammocks on
Canaveral National Seashore in Volusia ('ounty and that these species recov-

ered by sprouting. However, fnr cold-sensitive plant species at the margin of

their range and present in small populations, a single freeze or the cumulative
effect of a number of freezes may result in the elimination of such plant spe-

cies. Poppleton (1981) reported that the 1977 freeze killed the population of

Tournefortia gnaphalodes (sea lavender) which occurred on a dune north of

Playalinda Beach on Canaveral National Seashore.

The December 1983 and January 1985 freezes were severe enough to cause

substantial damage to local terrestrial vegetation, especially of tropical and

subtropical distributions. Some of these plants will require years without se-
vere freezes to regain their pre-freeze status. Fish, however, did not seem to be

as severely affected as observed in January 1977. At that time, a greater num-
ber of individuals covering a much larger portion of the Indian River lagoonal

system were affected. The impact to the lagoonal sea turtle population was as
dramatic as in 1977 and 1981.
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